Neuraxial anaesthesia is widely used in obstetrics and neurological complications are rare. However, when they occur, subsequent investigation and management are time-critical and correlate with the extent of neurological recovery. The Third National Audit Project recommended the implementation of guidelines in obstetric epidural management, including advice on monitoring for early signs of problems and acting upon concerns. However, no national guideline exists for postoperative management in the obstetric population. We conducted a national survey of monitoring after obstetric neuraxial blockade and the management of an abnormally prolonged block. We received responses from 112/189 (59.3%) obstetric anaesthetic leads invited to participate. We determined that post-neuraxial blockade monitoring in the UK is highly variable: only 63/112 (56.3%) respondents' units had a monitoring policy in place, although most of these did not undertake formal neurological monitoring, and a range of different monitoring methods and schedules were employed. In 12/63 (19%) local policies, the first review of neurology was performed at the standard postoperative visit the following day, and 66/112 (58.9%) units had no protocol in place to address emergency management of abnormally prolonged neuraxial blockade. Where a policy was in place, the initial recommended action and the type of imaging used were variable.
Introduction
Over 90% of caesarean sections in the UK are now conducted under regional (neuraxial) anaesthesia [1, 2] . The risk of serious complications following obstetric neuraxial anaesthesia, such as nerve injury, haematoma and infection, is small: the Third National Audit Project (NAP3) of the Royal College of Anaesthetists reported that the risk of permanent harm following obstetric neuraxial blockade was pessimistically 1 in 80,000 (1.24 per 100,000 (95%CI 1-3.2 per 100,000) and optimistically 1 in 320,425 (0.3 per 100,000 (95%CI 0-1.7 per 100,000) [3] . Although serious complications are rare, they can be devastating for the individual affected, and it is important to detect them early. It is widely recognised that an epidural haematoma may lead to paraplegia if not identified and treated in a timely manner, and delay of surgery beyond 12 h is associated with the worst neurological outcomes [4] . Recognition of prolonged sensory or motor blockade presents the earliest opportunity to raise suspicion of such a complication, hence the NAP3 authors recommended local guidelines that "must include both advice on monitoring the patients for early signs of problems and a reporting system for seeking anaesthetic input" [3] . There are national guidelines for how such monitoring should be conducted following non-obstetric postoperative epidural analgesia [5] , but these specifically exclude the obstetric population.
Following a postoperative neurological complication in our unit, we conducted a survey to determine local practice in obstetric anaesthetic units within the UK. We sought to establish the level of neurological monitoring after neuraxial anaesthesia and whether protocols were in place to manage an abnormally prolonged neuraxial blockade.
Methods
We gained approval from the Obstetric Anaesthetists' Association (OAA) Audit Subcommittee to conduct an online survey of practice in obstetric anaesthetic units. All lead obstetric anaesthetist members of the OAA in the UK were invited to participate between 18 December 2015 and 18 March 2016, with two reminder emails sent to non-responders. We asked open and closed questions, including free text options to permit descriptive answers. The survey sought to determine how sensory and motor monitoring was performed and documented during recovery from neuraxial anaesthesia in obstetric practice, including the details of any local policies. In the event of a suspected complication, we asked how this was managed and, again, whether local protocols were in place to facilitate investigation and any required treatment. We recorded and analysed the data using a Microsoft MEWS, maternal early warning score. N.B not every question was answered by all respondents and for some questions, more than one option was selected.
most commonly used to assess sensory block and 'mobilisation' used for motor block (Table 1) . Ten respondents commented that the post-procedure 'monitoring' consisted of only a subjective verbal assessment, for example: 'subjective question on postop follow-up round'; 'ask mother if legs back to normal'; 'verbal questioning rather than formal testing'; 'ask whether there is return to normal sensation and power at post-op follow-up on day 1'. Fifteen units were described as using the 'Bromage scale' but the scale being used was not the correct scale originally described by Bromage [6] . There was variability in the frequency at which monitoring was performed, and in the duration of monitoring, for both sensory and motor blockade (Table 1) . Twelve respondents (19%) specified the postoperative monitoring as occurring on the standard postoperative visit only, the day after surgery. In a further four units, the assessment was not performed until 6 h after the block had been established.
The results relating to the management of prolonged blockade are presented in Table 2 . It was a surprise to see that one in 20 leads did not know whether a policy existed or not. In most units where a policy was in place, imaging was recommended as the initial action before specialist referral. Magnetic resonance imaging (MRI) was the most popular choice of imaging, both in-hours and out-of-hours, although computerised tomographic (CT) scanning was more likely to be requested out-of-hours than in-hours (Table 2 ). Ten respondents reported that an anaesthetic review was recommended in their policy as the initial action; in two cases this was specified as a consultant obstetric anaesthetist. A further six policies that did not recommend initial neurology review required consultant anaesthetic input to obtain urgent imaging.
Three respondents referred to restricted availability of imaging or specialist referral services.
Discussion
Our main finding is that there is wide variation in the methods used to monitor neurological recovery after obstetric neuraxial blockade; in some cases there was no evidence that neurological recovery is being actively overseen at all. The Faculty of Pain Medicine guidelines on management of non-obstetric epidural analgesia state that monitoring should follow 'clear written protocols' [5] , although the OAA/Association of Anaesthetists of Great Britain and Ireland's Guidelines for Obstetric Anaesthetic Services 2013 state that obstetric patients should receive the same standards of anaesthetic care as those recommended for the general surgical population [7] . Given our results, this cannot be assumed to be the case [8] .
The existence of a policy does not guarantee that standardised, regular or timely neurological observations are performed. Formal sensory and motor monitoring is performed in the minority of units. The failure of a block to resolve at~4 h should raise suspicion, whereas a delay in definitive management beyond 12 h may lead to a poor prognosis [4] . Therefore, if the earliest formal examination only takes place on the first postoperative day, as would appear to be the case in several respondents' units, it is possible that permanent injury will have occurred already in the event of a major complication. Even performing the first check of block resolution only at 6 h will severely limit the window of opportunity available to manage such complications effectively [4] . N.B. not every question was answered by all respondents and for some questions, more than one option was selected.
Some respondents described monitoring the resolution of block by asking the patient if normal neurological function has returned. This non-objective approach may increase the scope for error, for example, if patients misunderstand the verbal assessment or misinterpret their own clinical picture. This may be particularly relevant in women who do not speak English. Another source of confusion is the widespread misunderstanding/misuse of the Bromage scoring system [6] , a phenomenon that we have noted previously [9] . It seems baffling to us that so many units should continue to use the term 'Bromage scale' to describe such an important aspect of clinical care when it is neither the scale described by Bromage nor consistently (mis)applied between units [9] .
Over half of the respondents reported that there was no policy for investigating prolonged blockade. The timely detection and management of acute neurological complications such as epidural abscess or haematoma is difficult in the delivery suite for a number of reasons, including the high-workload nature of obstetrics, any difficulty arranging imaging and the fact that prolonged recovery of regional blockade -sometimes over 10-12 h -is occasionally encountered in women with no underlying pathology or long-lasting sequelae [10] . The management of a suspected neurological complication involves multiple specialties; in some cases it also involves hospital-to-hospital referral and transfer, as well as management pathways that vary according to the time of day. The Faculty of Pain Medicine guidelines emphasise the importance of having protocols in place 'to manage the scenario of excessive motor block' [5] .
The use of imaging presents an area for further discussion. Different local policies recommend the use of CT and/or MRI scanning as first-line options in the case of prolonged blockade and/or a suspected complication. Although T1-weighted MRI provides the best quality imaging of the neural canal in the case of subtle soft-tissue changes such as oedema, and is thus considered the superior modality for many conditions including epidural haematoma [11] [12] [13] , the question arises as to whether CT scanning is an adequate, albeit inferior, alternative for major complications such as a space-occupying lesion causing spinal compression. Since CT is faster than MRI and more easily accessible in most hospitals, especially out-of-hours, it might have a useful role as an initial form of imaging if cord compression is suspected. In a previous, limited survey of prolonged neuraxial blockade managed by experienced obstetric anaesthetists, we found that over a third of the 26 respondents spontaneously reported difficulty obtaining MRI scans and neurological review, particularly out-of-hours [10] . The respective advantages and disadvantages of CT/MRI would need to be carefully considered, for example, to inform decisions about repeat imaging where imaging is reassuring but the clinical picture is of concern.
Surveys of practice are dependent on the number of responses that are received, and our response rate of 59.3% is slightly lower than the 65% often cited as required for surveys, although it is the same as the mean response rate for OAA-approved surveys of consultant members (59%) [14] . Lower response rates are less useful for making firm conclusions about actual proportions in the target population, but can still have value; for example, even if all the non-responders' units were to include formal postoperative sensory/motor blockade monitoring as part of their routine postoperative care, this would still only give a figure of 64% (95%CI 57-71%) of units that did this, which would present a cause for concern. Similarly, if all non-responders' units had a protocol for managing prolonged blockade, the proportion of units with such protocols would still only be 61% (95%CI 54-68%). Conversely, if all the non-responding units did not undertake formal sensory/motor blockade monitoring or did not have a protocol for management of prolonged blockade, the proportions that did so would be just 23% (95%CI 18-30%) and 21% (95%CI 15-27%), respectively.
In conclusion, our survey results suggest that monitoring of recovery after neuraxial blockade in the UK is inconsistent at best, and absent at worst, in many units. In the minority of departments that use a protocol to deal with suspected neurological complications after obstetric regional anaesthesia, there is no consensus on the preferred management pathway.
